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DIASTEREOMERIC 5R , 6S-6- ( IR-HYDROXYETHYL) -2- ( CIS - 
l-QXQ-3-THIOLANYLTHIO) ■2-PENEM-3-CARBOXYLIC ACIDS 

Background of the Invention 

The present invention is directed to antibacterial 

5 compounds which are diastereomeric 5R, 6S-6- (iR-hydroxy- 

ethyl) -2- ( cis -l-oxo-S-thiolanylthio) -2-penem-3— carboxylic 

acids ^ viz., the 2- (IS-oxo-BR-thiolanylthio) variant of 

the formula (I) below, and the 2- (lR-oxo-3S^-thiolanylthio) 

variant of the formula (II) below; the pharmaceutically- 

10 acceptable salts and in vivo hydrolyzable esters thereof; 
and intermediates and processes useful in the prepara- 
tion of said diastereoisomers. 

Antibacterial 5R,6S-6-- (iR-hydroxyethyl) -2- (cis-1- 
oxo-3-thiolanylthio) -2-penem-3-carboxylic acid, which 

15 is a diastereomeric mixture of two compounds, was 

earlier disclosed as a valuable antibacterial substance 
by Hamanaka, U.S. Patent 4,619,924 and European patent 
application 130,025. Although detectable by analytical 
methods, the pure diastereomeric compounds of assigned 

20 structure have heretofore been unavailable. Disclosure 
of an improved process for that diastereomeric mixture 
from racemic cis-3-{acetylthio) thiolane 1-oxide, which 
employs mixed diastereomeric intermediates otherwise 
analogous to those presently used, will be found in a 

25 European patent application by Volkmann et al., scheduled 
for publication on May 27, 1987 under the No. 223,397. 

Concerning the present optically active precursors. 
Brown et al., J. Am, Chem. Soc . , vol. 108, pp. 2049-2054 
(1986) have reported the synthesis of (S) -3 -hydroxy thio- 

30 lane [inadvertently depicted as the (R) -isomer, but 
actually of configuration opposite to that of the 
present (R) -3 -hydroxy thiolane , of the formula (XI) 
below] by asymmetric hydroboration of 2,3-dihydrothio- 
phene. Partial enzymic oxidation of racemic 
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3-:iiydroxythiolane by Jones et al.. Can , J. Chem . , vol. 

59, pp. 1S74-1579 (1981) permitted recovery of 3-hydroxy- 

thiolane containing the (R) -isomer in slight excess. 

Present optically active precursors (R) - C2-methanesnl- 

5 f onyloxyethyl) oxirane [of the formula (XIII) below 
9 

wherein R = CH^] and (S)-2-bromo-l,4-di{methanesulfonyl- 

- ^ fi 
Qxy) butane [of the formula (Xa) below wherein R = CS^] 

are known compounds; both preparable according to Shibata 

et al., Heterocycles , vol. 24, pp. 1331-1346 (1986); 

10 the former also according to Boger et al. , J, Orq\ 

Chem . , vol. 46, pp- 1208-1210 (1981). 

Summary of the Invention 

We have now discovered methods for preparing the 

. diastereomeric penem compotinds,^ 5R,6£-6- (iR-hydroxy- 

15 ethyl): -2- ( IS-oxo-BR-thiolanylthio) -3-carboxylates of 

the absolute stereochemical formula 




and 5R, 6£-6- (iR^hydroxy ethyl) -2- ( lR-oxo-3 S-thiolanyl- 
thio) -3-carboxylates, of the absolute stereochemical 
20 formula 




(II) 
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wherein R is hydrogen or a radical forming an ester 
hydrolyzable under physiological conditions; and the 
pharmaceutically-acceptable cationic salt thereof when 
R is hydrogen. 

5 Because each of these compounds, and their several 

immediate precursors, are single, homogeneous compounds, 
the quality of the final products is much better con- 
trolled relative to the previously reported diastereo- 
meric mixture of these compounds, an important factor 

10 in clinical use. Based on in vitro studies of the 
presently isolated compounds (I) and (11) , both show 
about the same intrinsic antibacterial activity. 
However, it is surprising that, in the form of their 
pivaloyloxymethyl esters', the isomer of the formula (TI) 

15 is better absorbed orally than the isomer (I); and, 
evidently as a result of a lowered level of metabolic 
destruction, the isomer (II) shows virtually twice the 
urine recovery as the isomer (I) whether administered 
parenterally as the sodium salt or orally as the 

20 pivaloyloxymethyl ester. For these reasons, the present 
pure diastereoisomers are preferred over the earlier 
diastereomeric mixture, and the isomers of the formula 
(II) are most preferred. 

Said pharmaceutically-acceptable cationic salts 

25 include, but are not limited to, those of sodium, 
potassium, calcium, N,N'-dibenzyiethylenediamine, 
N-raethylglucamine (meglumine) and diethanolamine. The 
preferred cationic salts are those of potassium and 
sodium. 
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The reference to esters which are hydroLyzable 
under physiological conditions refers to those esters 
frequently referred to as "pro-drugs." Such esters are 
novr as well-known and coimaon in the penicillin art as 
5 pharmaceutically-acceptable salts. Such esters are 
generally used to enhance oral absorption^ but in any 
event are readily hydrolyzed in vivo to the parent 
acid. The more preferred ester forming radicals are 
those, wherein R is: 
10 (5-methy 1-1, 3-dioxol-2-on-4-yl) methyl; 

iH-isobenzof uran-3-on-l-yl ; 

gamma-butyrolacton-^4 -y 1 ; 

-CHR-'^OCOR^ ; or 

-CHR-'-OCOOR''; 

1 7 
15 wherein R is hydrogen or methyl; R is 

(Cj-Cg)alkyl^ (C^-Cg) carboxyalkyl, carboxycyclohexyl or 

carboxyphenyl; and R^ is (C^--Cg) alkyl. The most 

preferred radicals are pivaloyloxymethyl and 

. 1- ( ethoxy carbonyloxy ) ethyl . 

20 The present invention is also directed to 

intermediate compounds of the cLbsolute stereochemical 

formulas 




// 



— (Ill) 



and 
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(IV) 



wherein R is hydrogen or a conventional sily.l hydroxy 
protecting group, preferably t-butyldimethylsilyl; R 
is hydrogen, -CH2-CX=CH2, or .-CH2rO-CO.-C (CH^) ^ (with 
the proviso that R^ is -CH2-CX=CH2 when R^ is 
hydrogen); and X is hydrogen or chloro, preferably 
chloro; or a salt thereof when R^ is hydrogen; 




— (V) 



and 



10 





(VI) 
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wherein is said coaventional silyl protecting group; 

■ 7 

R is hydrogen or 



5 and 




wherein R is -CH2-CX=CH2 or -CH^-O-CO-CCCH^) 3, X is 

hydrogen or chloro, Y is CH-CO, M®, or M® ®S-C- and 

^ II 

S 

0 

is an alkali metal cation, preferably Na ; and 



10 




and 
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(XI) 



wherein R is (C^-C^) alkyl, phenyl or tolyl, preferably 
the latter, and n is 0 or 1. 

The present invention is further directed to: 
5 (1) a process for the preparation of a compound 

of the absolute stereochemical formula 




— (Vila) 



wherein H is an alkali metal cation, preferably Na , 
which comprises the steps of: 
10 (a) conventional cyclization of a compound of the 

absolute stereochemical formula 



o 

wherein R is (C^-C^) alkyl, phenyl or p-tolyl 
(preferably methyl) with an alkali metal sulfide in a 
15 reaction-inert solvent to form a compound of the 
absolute stereochemical fomula 



\ J ; (IXa) 
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(b) conventional oxidation of the compound of the 
formula (IXa) with substantially one equivalent of 
oxidant in a reaction- inert solvent to form a compound 
of the absolute stereochemical formula 



5. 




(IXb) 



(g) conventional nucleophilic displacement of 
bromo in the compoiind of the formula .(IXb) with an 
alkali metal thioacetate in a reaction- inert solvent to 
form a compound of the absolute stereochemical formula 



10 




- (Vllb) 



and (d) conventional conversion of the compound of the 
formula (Vllb) , by the action of the CS^ and an alkali 
metal (Cj^-C^) alkoxide, preferably sodium ethoxide,. in a 
reactionr-inert solvent, to form said compound of the 
15 formula (Vila) f 

(2) a process for the preparation of a compound 
of the absolute stereochemical formula 




(Villa) 
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wherein M® is an alkali metal cation, preferably Na®, 
which comprises the steps of: 

(a) conversion of an epoxide of the absolute 
stereochemical formula 

5 /V (XIII) 

'5''^ ^O-SO^-R 

9 

wherein R is (C^-C^ ) alkyl, phenyl or p-tolyl, 
preferably methyl, by the action of an alkali metal 
sulfide in a reaction-inert solvent to form a compound 
of the absolute stereochemical formula 



10 




(XI) 



(b) conventional sulfonylation of the compound of 
the formula (XI) in a reaction-inert solvent to form a 
compound of the absolute stereochemical formula 




15 wherein R is (Cj^-C^) alkyl, phenyl or tolyl, preferably 
the latter; 

(c) conventional oxidation of the compound of the 
formula (Xa) in a reaction-inert solvent to form a 
compound of the absolute stereochemical formula 



20 
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(d) conventional nucleophilic displacement of 
8 ' 

R -SOj-O in the compound of the formula (Xb) with an 
alkali metal thioacetate in a reaction-inert solvent to 
form a compound of the absolute stereochemical formula 




(Vlllb) 



and (e) conventional conversion of the compound of the. 
formula (Vlllb) , by the action of and an alkali 
metal alkoxide^r preferably sodium ethoxidei. in a 
reaction- inert solvent, to form said compound of the 
10 formula (Villa) ; and 

(3) an improved process for the preparation of a 
compound of the absolute stereochemical formula 

Z\ (XIII) 

>0-S02-R 



wherein R is (C^-C^) alkyl^ phenyl or p-tolyl, 
15 preferably methyl, which comprises the steps of 
(a) reacting a compound of the absolute 
stereochemical formula 




with Cs2C0^ in a reaction-inert solvent to form a 
20 compound of the absolute stereochemical formula 
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in greater than 90% stoichiometric step yield? and 

(b) sulfonylation of the compound of the 
formula (XV) with a sulfonyl chloride of the formula 

5 R^-S02-C1 

in the presence of a tertiary amine in a reaction-inert 
solvent to form said compound of the formula (XIII) in 
greater than 90% yield. 

As used herein, the expression "reaction-inert 

10 solvent" refers to a solvent which does not interact 
with starting materials, reagents, intermediates or 
products in a manner which adversely affects the. yield 
of the desired product. 

Detailed Description of the Invention 

15 The individual diastereomeric compounds of the 

present invention are now readily prepared. Aii 
important feature of the present invention is the 
preparation of the optically active precursors of the 
above formulas (VII) and (VIII) from the known optically 

20 active compounds of the formulas (XII) and (XIII) , 
respectively. 

To prepare the compound (Vila) , the compound of 

o 

the formula (XII) [known when R = methyl; prepared 

p 

analogously when R is other than methyl] is first 
25 reacted with an alkali metal sulfide (suitably Na2S 

9H2O) , to form (S) -3-bromothiolane (IXa) . At least one 
molar equivalent, usually a slight (e.g., 5-10%) excess 
of the sulfide salt is used, together with reaction-inert 
solvent, suitably an aqueous solvent such as an aqueous 
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(Cj^-C^)alkaaol (e.g.^ aqueous methanol) or aqueous 
acetonitrile. Temperature is not critical, e.g., 
0-60^ C. being generally satisfactory. Ambient 
temperatures, eig. , 17-28** C, are particularly 
5 convenient, avoiding the cost of heating and cooling, 
although more elevated temperatures have the advantage 
of reducing the time necessary to complete the 
reaction. 

The intermediate bromothiolane (IXa) is then 

10 conventionally oxidized to the S -oxide (IXb) , using 

substantially one molar equivalent of oxidant (usually 
in slight excess to achieve complete mono-oxidation, 
without significant oxidation to the dioxide) . 
Suitable oxidants are m-chloroperbenzoic acid and 

15 potassium peroxymonosulf ate [KHSOj* (KHSO^) ^^2* 
(K^SO^) j^^^] • '^^^ oxidation is carried out in a 
reaction-inert solvent, CH^Cl^ being particularly 
well-suited for the perbenzoic acid, and acetone for 
the peroxymonosulf ate. Temperature is not critical, 

20 e.g., temperatures of -10 to 40* C. being generally 

satisfactoiry. . It is convenient, to combine the reagents 
at reduced temperature, e.g., 0-5° C, then allow the 
reaction to proceed to completion at ambient temperature 
as defined above . 

25 The intenaediate sulfoxide (IXb) is then reacted 

with an alkali metal thioacetate tinder conventional 
nucleophilic displacement conditions to form 3R-( acetyl- 
thio) thiolane iS-oxide (Vllb) . Usually an excess 
{e.g., 1.5-2 molar equivalents) of the thioacetate salt 

30 is employed in a reaction- inert solvent which will 

permit appreciable . concentrations of both reactants in 
order to drive this bimolecular reaction to completion 
within a reasonable period of time. In the present 
case, acetone is a particularly well suited solvent. 



«t 
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Temperature is not critical, e.g., 30-100** C. being 
generally satisfactory, the reflux temperature of 
solvent acetone being eminently satisfactory. 

Finally, the acetylthiolane (Vllb) is converted, 
5 via the mercaptide salt (VII, Y = M®) , to the trithio- 
carbonate salt (Vila) • The intermediate mercaptide 
salt is generally formed in situ by the action of an 
alkali metal alkoxide, usually in the corresponding 
alkanol as the reaction-inert solvent, sodium 

10 methoxide/methanol , sodium ethoxide/ethanol and sodium 
isopr epoxide/ isopropanol all being well suited for the 
purpose, usually at reduced temperature, e.g., -15 to 
+15° C, conveniently near 0** C. Once formed, the 
mercaptide salt is usually reacted without isolation 

.15 with at least one molar equivalent of carbon disulfide 
(usually in excess, e.g., 3-5 molar equivalents), 
usually at even lower temperature, e.g., -40 to 0' C, 
to form the desired 3R- (thio (thiocarbonyl) thio) thiolane 
IS-oxide of the formula (Vila) . The latter is isolated 

20 by conventional methods or alternatively used in situ 
in the next process step. 

To prepare the compound (Villa) the epoxide of the 

g 

formula (Xlll) [known when R = methyl; in any event 
prepared according to the improved method disclosed 

25 elsewhere herein] is first reacted with an alkali metal 
sulfide, under conditions as disclosed above for the 
conversion of (XII) to (IXa) , in this case forming 
(R) -3-hydroxythiolane of the formula (XI). The latter 
is converted to the alkane^, benzene- or p-toluene- 

30 sulfonate of the formula (Xa) under conventional 

conditions, e.g., using substantially one molar equiva- 

g 

lent of the corresponding sulfonyl chloride,. R SO2CI/ 
in the presence of at least one molar equivalent of a 
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tertiary amine r preferably £-dimethylaminopyridine, in 
a reaction- inert solvent such as methylene chloride in 
a. non-critical temperature range of 0-50*^ suitably 
at ambient temperature as defined above. The compound 
5 (Xa) is then oxidized to the sulfoxide (Xb) , the 

sulfonate group nucleophilically displaced with thio- 
acetate to form 3S-(acetylthiothiolane IR-oxide, of the 
formula (Vlllb) , hydrolyzed to the mercaptide (VIII, 
y = M ) and finally reacted with to form the trithio- 
10 -carbonate (VTIIa) , all under the conditions noted above 
for the corresponding stepwise conversion of (IXa) to 
(Vila) . 

The present improved two-step process for precursor 
(R)-(2-methanesulfonyloxyethyl)oxirane of the above 

15 formula. (XIII) employs (CS2CO2 in a reaction-inert 

solvent (e.g.r CH2CI2) at .ambient temperature [in place 
of the fefluxing aqueous NaOH of Shibata et al.,^ cited 
cLboveJ, thus producing , after conventional sulfonylation, 
said compound (XIII) having much higher optical rotation. 

20 The second precursor required for the synthesis of 

the above compounds of the formulas (I) and (II) is 
3R, 4R-4-acetoxy-3 - [lR-1- ( silyl protected hydroxy) ethyl] - 
2-azetid;inone, of the formula 

^OCOCH^ 

, — (xviy 

25 where R^ is a conventional silyl hydroxy protecting 
group (preferably dime thy 1-t-butylsilyl) , a compound 
which is efficiently prepared from 6-aminopenicillanic 
acid, e.g., by the method of Leanza et al,. Tetrahedron , 
vol. 39, pp. 2505-2513 (1983). Thus, in the next stage 




.H 
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of the synthesis, the azetidinone (XVI) is converted to 
the diastereomeric compound of the formula (V) or (VI) 
wherein is hydrogen, by reaction with the trithio- 
carbonate (Vila) or (Villa) , respectively. With or 
5 without isolation of said trithiocarbonate, the reac- 
tants are combined in a reaction-inert solvent, such as 
a (Cj^-C^) alkanol, e.g., isopropartol, conveniently in 
the same solvent as that used for preparation of the 
trithiocarbonate, in the presence of excess carbon 
10 disulfide (which can be already present in situ from 

the preceding step). The reaction is generally carried 
out at reduced temperature, e.g., +20** C, conveniently 
at ice bath temperature (0-5** C). 

7 

The compound of the formula (V) or (VI) wherein R 
15 is hydrogen is then reacted with an acid fluoride of 
the formula 

F-C-G-OR^° (XVII) 

II 11 
0 0 

wherein R'^^ is as defined above, to form the correspond- 
ing compound (V) or {VI ) wherein r'' is -COCOOR''*^. This 
20 step is carried out in a reaction-inert solvent at 0° 
to -80^ C. in the presence, of a tertiary amine. Lower 
temperatures, e.g., -30^ to -70*^ C, are preferred. A 
preferred reaction-inert solvent is methylene chloride. 
A preferred tertiary amine is N,N-diisopropylethylamine. 

25 In the next step of the synthesis, the penem 

4 

compound of the formula (III) or (IV) wherein R is a 
silyl-protecting group and R^ corresponds to R**"^, is • 
formed by the action of a trialkyl phosphite (e.g.; 
triethyl phosphite) on a compound of the formula (V) or 
30 (VI) v/herein R^ is -COCOOR . This step is also carried 
out in a reaction-inert solvent (e.g., ethanol-free 
chloroform) . Temperature is not critical, 
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but will generally be above ambient, e.g., 40** to 80^ 
conveniently reflux temperature when chloroform is the 
solvent. 

In the final or penultimate step, the silyl-protect- 

5 ing group is removed by standard methods, e.g. , in the 

ca^e of. the dimethyl-t-butylsilyl, by the action of 

acetic acid and tetrabutylammonium fluoride in anhydrous 

tetrahydrbfuran, to form the compoxind of the formula (I) 

or (II) in the form of its pivaloyloxymethyl ester or 

4 

10 of the formula (III) or (IV) wherein R is hydrogen and 
is. -CH2-CX=CH2* 

Finally, when R^ is allyl or 2-chloroallyl, the 
ester is hydrolyzed to produce the desired penem of the 
formula (I) or (II) , above, in the form of the acid or 

15 its pharmaceutically-acceptable cationic salt* Anhydrous 
conditions are generally employed to avoid any possible 
degradation of the beta-lactam. Preferred conditions 
employ 1 to 1.1 molar equivalents of an alkali metal 
salt of a lipophilic carboxylic acid (e.g,, sodium 

20 2-ethylhexanoate) in an anhydrous reaction-inert solvent 
(e.g., methylene chloride and/or ethyl acetate) in the 
presence of catalytic amounts of triphenylphosphine and 
tetrakis (triphenylphosphine) palladium (e.g., about 0 . 15 
molar equivalents of the former and about 0.075 molar 

25 equivalents of the latter) . Although temperature is 

not critical, the reaction is conveniently carried out 
at ambient temperature. With these reagents, the 
compound of the formula (I) or (II) is usually initially 
isolated in the fom of its alkali metal (e.g., sodium) 

30 salt. If desired, the salt is converted to the free 

acid form, during or after isolation, by standard methods, 
e.g., acidification of an aqueous solution of the salt, 
with extraction of the free acid into a water immiscible 
organic solvent* 
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Other pharmaceutically-acceptable catidnic salts 
of the present invention are also readily prepared by 
standard methods. For example, an equivalent of the 
corresponding cationic hydroxide, carbonate or bicar- 
5 bonate or of an amine, is combined with the carboxylic 
acid in an organic or aqueous solvent, preferably at 
reduced temperature (e*g,, 0-5*^ C.) , with vigorous 
agitation and slow addition of the base. The salt is 
isolated by concentration and/or the addition of a 

10 non-solvent. 

The compounds of the formula (I) or (II) wherein R 
represents an in vivo hydrolyzable ester are also pre- 
pared from the corresponding free acids or cationic 
salts according to known methods, readily identified by 

15 those skilled in the penicillin art (see for example, 

U.S. Patents 3,951,954; 4,234,579; 4,287,181; 4,342,693; 
4,452,796; 4,342,693; 4,348,264; 4,416,891; and 
4,457,924). In the present instance, the preferred 
precursors are hydroxy protected compounds of the 

20 formula (III) or (IV) wherein is a silyl protecting 
group, preferably dimethyl-t-butylsilyl, and R^ is 
hydrogen or a salt, preferably the tetrabutylammonium 
salt. These precursors are obtained by selective 
hydrolysis of the corresponding allyl or 2-chloroallyl 

25 esters by the special method described above. The 

resulting alkali metal salt is preferably converted to 
the tetrabutylammonium salt prior to reacting with the 
ester forming reagent, e.g., chloromethyl pivalate or 
1-chloroethyl ethyl carbonate. Preferred methods of 

30 ester formation are exemplified below. The silyl pro- 
tecting group in the intermediate compounds is then 
removed to produce the desired compounds of the 
formula (I) or (II) wherein R is a radical forming an 
in vivo hydrolyzable ester. 
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• The required acid fluorides (XVII) are prepared 
from the corr.esponding acid chlorides using reagents 
• previously. used for this purpose^ either anhydrous 
. cesium fluoride (usually at or near ambient temperature, 
5 with reagents initially combined at lower temperature, 
e.g., 0® to -30** C.),. or potassium fluorosulf inate 
(FSO2K, usually at warmer- temperatures, e.g., 
AS-BB*" C.) .. The latter reagent and conditions are 
preferred when is pivaloyloxymethyl. 

10 Concerning other staxting materials required for 

the process of the present invention, 3R,4R-4-'acetoxy- 
3-[lR-l-(silyloxy)ethyl]-2-azetidinones are readily 
available according to the method of Leanza et al. , 
cited above; ally! oxalochloride is available according 

15 to the method of Afonso et al., J. Am. Chem. See , / vol. 
.104, 'pp. 6138-6139 (1982); 2-chloroallyl oxalochloride 
is available from 2-chloroallyl alcohol and oxalyl 
chloride according to the method detailed below; and 
pivaloyloxymethyl oxalochloride is prepared by a series 

20 of steps from benzyl half ester of oxalic acid and 
chloromethyl pivalate, also detailed below. 

The pure diastereomeric, antibacterial compoxinds 
of the formulas (I) and (II) are tested, formulated and 
used according to methods detailed in above cited 

25 Hamanaka, U.S. Patent 4,619,924, hereby incorporated by 
reference. Within the human dosage ranges there dis- 
closed,, the more preferred dosage range for the present 
compounds (1) and (II) is 10-80 mg/kg/day both orally 
and parenterally. These figures are illustrative only, 

30 since in some circumstances the attending physician 

will find it more beneficial to employ dosages outside 
of these ranges. In vivo hydrolyzable esters, particu- 
larly the pivaloyloxymethyl and 1- (ethoxycarbonyloxy) - 
ethyl esters, are preferred in oral use, while the 

35 sodium or potassium salts are particularly preferred 
for parenteral use. 
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The following examples are given by way of illustra- 
tion and are not to be construed as limitations of this 
invention, many variations of which are possible within 
the scope and spirit thereof. 
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EXAMPLE 1 
(R) -3-Hydroxythiolane (XI) 

In a dry flask under N^^ 19,52 g (0,118 mol) of 
(R-(2-iaethanesulfonyloxyethyl)oxirane was dissolved in 
5 600 ral acetonitrile and lOO ml water. Sodium sulfide 
(18.67 g, 0.239 mol) was added and the reaction mixture 
stirred at room temperature for 24 hours. The two 
layers were separated and the acjueous layer extracted 
with methylene chloride (3 x 15 ml) . The combined 

10 organic layers were washed with IN sodium hydroxide. 

The aqueous layer was extracted with methylene chloride 
(3 X 150 ml) , salted with NaCl, and extracted with an 
additional 2 x 100 ml of CH^Clj- All organic layers 
were combinedr washed with 50 ml IN NaOHi^ 50 ml of 

15 saturated NaCl, dried (MgSO^) and stripped to yield 
title product^ 11.05 g (90% step yields 90% over-all 
yield from the S^-2-bromo-l ,4-butanediol) ? [alpha] ^ = 
+13.93*' (c = 1.4,CHCl2); pnmr (CDCl^) delta (ppm) : 
1.70-1.90 ilEr CH) , 2.00-2.18 (2H, m, CH, OH), 

20 2.70-2.98 (4H, m, CH2S) , 4.50-4.52 (IE, m, CHO) . For 
the corresponding S-isomer, Brown et al., J. Am. Chem . 

Soc, vol. 108^ p.. 2049 (1986) reported [alphal^^ = 

-14.5 (c = 1, CHCI3). 
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EXAMPLE 2 

8 

(R)-3-(p-ToLuenesulfonyloxy)thiolane (Xa, R = £-tolyl) 

In a flame-dried flask under nitrogen, 11,03'g 
(0.106 mol) {R)-3-hydroxythiolane was dissolved in 
5 150 ml dry methylene chloride and cooled to -5° C. To 
this was added 25.88 g. (0.212 mol) 4-dijnethylamino- 
pyridine and 20.19 g (0.106 mol) p-toluenesulfonyl- 
chloride and the mixture stirred at room temperature 
for 60 hours. It was then washed with IN hydrochloric 
10 acid (25 ml) , the wash extracted with methylene chloride 
(3 X 50 ml), the combined organic layers washed with 
brine ^ dried (MgSO^) and evaporated to- dryness to provide 
34.73 g crude product. This was filtered through a 
silica gel pad (5 inch diameter, 4 inches deep) , eluting 
15 with 1:5 ethyl acetate :hexane, then ethyl acetate alone. 
The product-containing fractions were combined and 
evaporated to yield 21.52 g (79%) purified product; 
[alphalp = +16.76° (c = 2.98,CHCl3); pnmr (CDCl^) delta (ppm) : 
1.76-1.90 (IH, m, CH) , 2.12-2.26 (IH, m, CH) , 2.40 (3H, 
20 s, CH3), 2.70-3.00 (4H, m, CH2S) , 5.13-5.16 (IH, m, 
CHO), 7.25 (2H, d, CH) , 7.74 (2H, d, CH) . 

EXAMPLE 3 
3R- (p-Toluenesulf onyloxy) thiolane 
IR-Oxide (Xb, R^ = tolyl) 

25 A solution of 46.30 g (0.179 mol) 3R-(toluene- 

sulf onyloxy) thiolane in 600 ml acetone, under nitrogen 
was cooled to 0** C. In a separate flask 61.73 g 
(0.100 mol) potassium peroxymonosulfate (2 KHSOg-KHSO^- 
K2S0^;) was stirred in 500 ml distilled water until 

30 clear. This was added to the acetone solution at 0** C. 
and the mixture allowed to warm to room temperature. 
After 25 minutes 75 ml of 10% (w/v) aqueous sodium 
sulfite was added, the acetone was evaporated. 
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300 ml ethyl acetate added and the aqueous layer was 
extracted with ethyl acetate (3 x 100 ml) • The 
combined extracts were dried (MgSO^) and concentrated 
to dryness to yield 48.57 g of crude product. The 
5 latter was purified by silica gel chromatography using 
10:10:1 ethyl acetate cCH^Cl 2 :CH2 OH as eluant to afford 
purified title product, 34.67 g (71%)? [alphaj^ = +4.26*^ 
(c = 3.0, CEClj) • . 

EXAMPLE 4 

10 3S- {Acetyl tbio)thiolane IR-Oxide (Vlllb) 

In a flame-dried flask under nitrogen, 31.67 g 
(0.1156 mol) 3R-(p-toluenesulfonyloxy) thiolane iR-oxide 
was dissolved in 300 ml acetone and 19.81 g (0.1734 
mol) potassium thioacetate was added. The mixture was 

15 heated at reflux for 3.5 hours and allowed to stir at 
room -temperature overnight • The mixture was filtered, 
rinsed and washed with 500 ml acetone and the filtrate 
and washings were evaporated in vacuo to obtain 23.96 g 
of the desired product as an oil* The oil was purified 

20 by flash chromatography on a 120 mm x 25 cm silica gel 
column eluting with 19:1 ethyl acetate: methanol 
collecting 125 ml fractions. Fractions 42-64 were 
combined and stripped to yield purified title product 
as an oil which crystallized on standing, 16.46 g? 

25 (80%)? m.p. 51-52° G.? [alphal^^ = -83.41° (c = 0.86, 
CHCl^) . 

Analysis" calculated for ^q^iq^2^2* 

C, 40.4; H. .5,6%. 
Found: C, 40.15; 5.53%. 
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EXAMPLE 5 

SodiiHi 3S- (Thio (thiocarbonyl) thio) thiolane 
IR-Oxide (Villa, M® = N®) 

In a flame-dried flask under nitrogen , a solution 
5 of 1,78 g (10 mmol) 3 S^- (acetylthio) thiolane iR-oxide in 
6 ml ethanol was cooled to -5** C, Sodium ethoxide (21% 
by weight in ethanol, 3.73 ml, 10 mmol) was added and 
the mixture stirred at -5** C. for 30 minutes, then 
cooled to -20** C, 3.0 ml (50 mmol) carbon disulfide 

10 added and stirring continued for 30 minutes. To this 
was added 75 ml anhydrous tetrahydrofuran. The 
resulting mixture was stirred for a few minutes, seeded 
with crystals of the title compound, cooled and held at 
15° C, and stirred until crystallization was complete. 

15 The mixture was filtered, washed with cold tetrahydro- 
furan and then with ethyl ether. The resulting crystals 
were air-dried under nitrogen to afford 2.10 g of title 
product, solvated with 0.5 molar equivalents of tetra- 
hydro fur an. Another 592 mg was recovered by reworking 

20 the mother liquor; m.p. 120-121° C. (dec), blackens at 
155-156** C; [alphajj^ = -79.52° (c = 0.05, in E^O) . 

EXAMPLE 6 

3S ,4R-3- [lR-1- (Dimethyl-t-butylsilyloxy) ethyl] -4- 
[lR-oxo-3S-thiolanylthio (thiocarbonyl) thio] - 

25 2-azetidinone (VI, R*^ = H, = Me ^ tBuSi 



In a flame-dried flask under a solution of 
3R, 4R-4-acetoxy-3- [IR- (dimethyl-t-butylsilyloxy) ethyl] - 
-2-azetidinone [1.87 g, 6.5 mmol; Leanza et al.. 
Tetrahedron 39, pp. 2505-2513 (1983)] in 20 ml 
3 0 isopropyl alcohol and (0.15 ml, 2.5 mmol) were 

combined and cooled to 3^ C. The product of the preced- 
ing Example (1.36 g, 5 mmol) was added portionwise, 
maintaining 3° C. After 0.5 hour at 3° C, the reaction 
was quenched with 40 ml saturated ammonium chloride 
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solution, and then 50 ml ethyl acetate was added. The 
organic layer was separated and the aqueous layer was 
extracted with an- additional 2 x 25 ml ethyl acetate. 
The combined ethyl acetate layers were washed 2 x 20 mX 
5 and 2x.20 ml 20% CaCl2, dried over MgSO^, filtered 

and concentrated in vacuo to yield crude title product,- 
3.04 g. The latter was dissolved in about 2 ml acetone, 
isopropyl ether was added dropwise until precipitation 
of solid started, the mixture was stirred for one hour, 

10 . then 120 ml petroleum ether was added rapidly with 

stirring. The resulting solid was collected by filtra- 
tion, air-dried, then dried in vacuo, and finally 
chromatographed on silica gel using 19:1 ethyl 
acetate rmethanol as eluant to yield 1.35 g (61%) of 

15 purified title product. Recrystallization from 4 ml 
-acetone by the same procedure gave back 1.15 g of 
product; [alpha]p = +109.36' (c = 0.20, CHCl^) ? 
pnmr(CDClj) (delta) (ppml 300 MHz: 0.05 (s, 3H) , 0,86 
(s,.9H>,. 1.18 (s, 3H) , 1.74 (s, 2H) , 2.68 (m, 3H) , 2.82 

20 (m, IH), 3*17 (m, 2H) , 3.74 (q, IH) , 4^25 (t, 1H> , 4.52 
(t, IE), 5.61 (s, IH), 6.52 (s, IE), 7.20 (s^ IH) . 

EXAMPLE 7 

3S ,4R-N- [ (2-ChIoroallyloxy) oxalyl] - ' 
3- [IR- (dimethyl -t-butylsilyloxy) ethyl] - 
25 4- ElR-oxo-3S-thiolanylthio ( thio- 

carbonyl) thiol -2-azetidinone 

(VI, R^ = Me^tBuSi, r'^ = COCOOCE ^ CCICH ^) 
A flame-dried, three-neck flask equipped with a 
dropping funnel and low temperature thermometer under a 
30 ^2 atmosphere was charged with the product of the preced- 
ing Example (878 mg, 2 mmol) and 15 ml dry methylene 
• chloride (passed through neutral alimina) . The reaction 
was cooled to -50'' to -55^ C. internal temperature and 
N,N"diisopropylethylamine (0.45 ml, 2.6 mmol) was added, 
35 keeping the temperature less than 50° C. Then 2-chloro- 
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allyl oxalofluoride (0.34 ml, 2.6 miaol) was added as 
fast as possible, again keeping the temperature below 
50** C. , and the reaction stirred an additional 50 minutes 
at -50** to -55** C. The reaction was quenched with 
5 15 ml H2O, allowed to warm to 0** C. and diluted with 
20 ml fresh CH2CI2.. The organic layer was separated, 
washed 1 x 15 ml H2O, 1 x 20 ml pH 7 buffer and 1 x 
25 ml saturated NaCl, dried over MgSO^, filtered and 
concentrated in vacuo to yield 1.05 g of title product 
10 as a yellow foam, all of which was used directly in the 
next step. 

EXAMPLE 8 

2-Chloroallyl 5R, 6S-6- [IR- (Dimethyl- 
t-butylsilyloxy) ethyl] -2- (iR-oxo- 
15 3S-thiolanylthio) -2-penem-3~carboxylate 

(IV, = Me ^ tBuSi, ^ CH ^ CCICH ^) 

A flame-dried, three-neck flask equipped with a 

condenser and an equilibrating addition funnel under a 

N2 atmosphere was charged with the product of the 

20 preceding Example (1.05 g, 2 mmol) and 80 ml ethanol-free 
chloroform. The reaction was heated to a gentle reflux 
and triethyl phosphite (0.74 ml, 48 mmol) in 10 ml 
ethanol-free chloroform was added dropwise over a 
ten-hour period. The reaction was heated at a gentle 

25 reflux for an additional ten hours. The reaction was 
cooled to room temperature and concentrated in vacuo. 
The residue was dissolved in 5 ml ethyl acetate. 
Isopropyl ether (40 ml) was added dropwise with stirring 
as crystallization began. Finally; 40 ml petroleum 

30 ether was added dropwise, the mixture filtered and 

solids dried to yield 0.47 g (44%) of the product; m.p. 
140-141** C; talphaljj = +36.78° (c = 0.5, CHCl^) . 
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EXAMPLE 9 

2-Chloroallyl 5R, 6£-6- (IR-Hydroxy ethyl) -2- 
(lR-oxo-3S-thiolanylthio)-2-peneiQ-3-carboxylate 

. (IV, R^ = H, R^ = CH ^ CCICH ^) 

5 A flame-dried, three-neck flask equipped with a 

thermometer and two addition funnels under a 
atmosphere was charged with the product of the 
preceding Example (0.25 g^ 0.46 romol) and 0.5 ml dry 
tetrahydrofuran. To the stirred reaction was added 

10 glacial acetic acid (0.26 ml, 4.6 mmol) , followed by 
tetrabutyl ammonium fluoride in tetrahydrofuran (IH, 
1.38 ml). The resulting solution was stirred sixteen 
hours at room temperature, diluted with 15 ml ethyl 
acetate and 4 ml water, adjusted to pH 6.4 with 

15 potassium acetate,, the layers separated, and the 

organic layer washed 3 x 3 ml water. The latter were 
combined and back-washed 3 x 3 ml CH2CI2. The combined 
organic layers (ethyl acetate and CH-C1«) were dried 
over N'a^SO^ ^ filtered and concentrated in vacuo to 

.20 yield crude product, 0.46 g. The crude was taken up in 
25 ml ethyl acetate and washed 3 x 6 ml H^O. The organic 
layer was dried ov^r Na2S0^, filtered and stripped to 
yield purified title product, 88 mg; m.p. 177-178° C; 
[alpha]jj = +45.28** (c = 0.25 in dimethylsulfoxide) . 

25 EXAMPLE 10 

Sodium 5R, 6S-6- (IR-Hydroxy ethyl) -2- ( lR-oxo-3S^- 
thiolanylthio)-2-penem-3-carboxylate (II, R = Ua) 

A flame-dried flask wrapped in aluminum foil, 
" under N^, was charged vrith the product of the preceding 
30 Example (3.60 g, 8.5 mmol) in 115 ml of degassed 

CH2Cl2r followed by triphenylphosphine (0.72 g, 2.75 
inmol) , sodium 2-ethylhexanoate (6.72 ml of 1.3911 in 
ethyl acetate^ 9.34 mmol) and tetrakis (triphenylphos- 
phine) palladium (0.72 g, 0.62 mmol). The reaction was 
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stirred at room temperature for fifty minutes, an 
additional 72 mg each of triphenylphosphine and 
tetrakis (triphenylphosphine) palladium were added and 
the reaction stirred at room temperature an additional 
5 twenty minutes. Hplc purity ethyl acetate (150 ml) was 
added to the reaction over a fifteen minute period. 
The reaction was filtered and the solids air-dried to 
yield crude product, 4.07 g. The latter was slurried 
with 45 ml ethyl acetate for 45 minutes, filtered and 

10 dried to afford 3.56 g of still crude product. The 
latter was taken up in 70 ml of water, treated with 
activated carbon, filtered and the filtrate freeze-dried 
to yield title product, 2.63 g. 

By the same method, the product of Example 27 

15 below, is converted to the same title product in 
similar yield. 

EXAMPLE 11 

5R, 6S-6- (IR-l-Hydroxyethyl) -2- (lR-oxo-3S-thiolanyl- 
thio)-2-penem-3-carboxylic Acid (II, R = H) 

20 The sodium salt of the preceding Example (2.63 g) 

was dissolved in 8 ml E^O and cooled to 0-5 C. The pH 
was adjusted to 2.45 with IN HCl as product began to 
crystallize. The mixture was stirred at 0-5** C. for 
forty-five minutes, filtered, washed with a small 

25 amount of HjO and dried to yield 2.16 g of title 
product as a white solid; m.p. 135*^ C. (dec.); 
[alpha]^ = +366.01** (c = 1 in dimethylsulfoxide) . 
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EXfiMPLE 12 

Sterile Sodium 5R,6S-6- (IR-Hydroxyethyl) -2- (lR-oxo-3S- 
thiolanvIthio)-2-penem-3-carboxylate (II, R = Na) 

The product of the preceding Example (1.95 g) was 
5 suspended in 60 ml HjO and cooled to 0-5^ C, Maintain- 
ing that temperature range and using vigorous stirring, 
. the pE was adjusted from 2.98 to a constant pH of S.OO 
by the dropwise addition of NaOH (4.2 ml of IN, followed 
by 10.75 ml of 0,1N) . The solution was millipore fil- 
10 tered into a sterile flask and freeze-dried (if desired, 
freeze-dried after subdivision to obtain the desired 
dosage in rubber-stoppered sterile vials) to yield 
sterile title product, 1.926 g, which,, if not already 
sTobdivided, can be subdivided into vials at the desired 
15 dosage level. This purified product shows m.p. 15 8 C. 
(dec.) ? [alphalp = +81.31* (c = 1 in HjO) . 

For parenteral dosage, the sterile sodium salt is 
dissolved in sterile water for injection. 

EltAMPLE 13 

20 Tetrabutylaramonium 5R, 6S-6- [IR- (Dimethyl-t-butyl- 
silyloxy) ethyl] -2- (lR-oxo-3S-thiolanylthio) -2-penem^ 

4 "5 
3-carboxylate (IV, R = Me^tBuSi, R = TBA salt 

The product of Example 8 (0.80 g, 1,5 mmol) was 

reacted according to Example 10 to form intermediate " 

25 sodium salt in situ . The reaction mixture was diluted 
with 35 ml ethyl acetate and 4 ml ether, washed 3 x 
10 ml E^Or the organic layer further diluted with 35 ml 
hexane, and finally washed 3 x 20 ml H2O. The six 
aqueous layers were combined, then further combined 

30 with tetrabutylammonium hydrogen sulfate (0,51 g, 1.5 
mmol) and NaHCO^ (0.25 g, 3 mmol) in 5 ml HjO. After 
stirring for 15 minutes and salting with Na2S0^, the 
desired product was extracted into CH2CI2 (3 x 90 ml) , 
dried (Na^SO.) , treated with activated carbon, filtered 
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and concentrated in vacuo to yield title product, 
0.80 g? pninr (CDCl^) delta (ppm) 300 MHz: 0.05 (s, 6H) , 
0.85 {s, 9H) , 0.99 (t, 12H) , 1.28 (d, 3H) , 1.30-1.50 
(lU; 8H) , 1.50-1.70 (m, 8H) , 2.50-2.82 (m, 4H) , 
5 2.96-3.10 (m, IH) , 3.05-3.42 (t, 8H) , 3.45-3.62 (m, 
2H), 3.80-3.92 (m, IH) , 4.05-4.18 (m, IH) , 5.42 (s, 
IH) . 

EXAMPLE 14 

Pivaloyloxymethyl 5R, 65^-6- [IR- (Dimethyl- 
10 t-butylsilyloxy) ethyl] -2- {lR-oxo-3S- 

thiolanylthio)-2-penem-3-carboxylate 

(IV, r"^ = Me ^ tBuSi, R^ = CH ^ -O-CO-C (CH ^) ^ 

In flame-dried glassware, under the product of 

the preceding Example (0.80 g, 1.13 mraol) was dissolved 

15 in 11 ml acetone. Chloromethyl pivalate {0.25 ml, 1.71 
mmol) was added and the mixture stirred 16 hours at 
room temperature, then stripped in vacuo, finally under 
high vacuum, to yield title product, 1.05 g; pnmr 
(CDCI3) delta (ppm) 300 MHz: 0.05 (s, 6H) , 0.88 (s, 9H) , 

20 1.20 (s, 9H), 1.24 (d, 3H) , 2.4-2.6 (m, 4H) , 3.05-3.12 
(m, IH), 3.6-3.90 (m, 3H) , 4.15-4.28 (m, IH) , 5.59 (s, 
IH), 5.81 (q, 2H, J^g = 12.5 Hz). 

The corresponding 1- (ethoxycarbonyloxy) ethyl ester 
is prepared by the same method, substituting equivalent 

25 1-chloroethyl ethyl carbonate for chloromethyl 
pivalate . 

Title product is alternatively prepared stepwise 
by the methods of Examples 7-9, substituting equivalent 
pivaloyloxymethyl oxalof luoride for 2-chloroallyl 
30 oxalof luoride in Example 7. 
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EXAMPLE 15 



PiTraloyloxymethyl 5R,5S-6- (lR-hydroxyethyl-2- 
( LR-oxo-3 S;- thiolanylthio ) -2-penem- 3 -carboxylate 
(II, R = CH ^ -0"CO"C(CH ) 



5 By the mfethod of Example 9, the product of the 

preceding. Example (0.40 g, 0.69 mmol) was converted to 
- present title product. To isolate, the reaction mixture 
was diluted with 45 ml ethyl acetate and washed 4 x 
9 ml H2O. The water washes were combined and back 

10 extracted 3 x 9*ml ethyl acetate. All organic layers 
were combined, washed 2 x 9 ml saturated NaCl, dried, 
filtered and concentrated in vacuo , ultimately under 
high vacuum to yield crude product, 0.28 g. The latter 
was flash chromatographed on a 40 mm x 25 cm column of 

15 silica gel, initially eluting with 1:9 ethyl acetate: 
. tetrahydrofuran (50 ml fractions 1-10), and then with 
tetrahydrofuran for subsequent 50 ml fractions. 
Fractions 18-44 were combined, evaporated to dryness, 
and the residue stirred with 70 ml ethyl acetate and 

20 filtered to yield purified title product, 0.193 g; 

pnmr(CDCl2) delta (ppm) 300 MHz: 1.18 (s, 9H) , 1.29 (d, 
3H, J=6.3 Hz) , 2.12 (bs,.lH), 2.6-2.9 (m, 4 Hz), 
3-1-3.2 (ra, IH) , 3,6-3.90 (m, 3H) , 4.20-4.32 (m, IH) , 
5.64 (s, IH), 5.76 (q, 2H, = 12.5 Hz). 

25 By the same method, the corresponding l-(iaethoxy- 

car bony loxy) ethyl ester of the preceding Example is 
•converted to 1- (ethoxycarbony loxy) ethyl 5R,6S-6-(lR- 
hydroxy ethyl) -2- (lR-oxo-3£-thiolanylthio) -2-penem 
carboxylate. 
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EXAMPLE 16 

(S) "3-Bromothiolane (IXa) 

To a solution of 97,1 g (0.37 mol) (S) -2-bromo- 
l,4-di(methanesulfonyloxy) butane in 1400 ml methanol 
5 was added over 1 hour a solution of 98.23 g (0.41 mol) 
sodium sulfide nonahydrate in 500 ml water at 19-26° C. 
The mixture was stirred at room temperature for 
80 hours. The reaction mixture was diluted with 6 
liters methylene chloride, the organic layer separated, 

10 washed 2x1 liter H2O, 1 x 1500 ml brine, dried (Na2S0^) 
and the solvent evaporated to provide 36.5 to 46.8 g 
(59-68%) of crude product as a pale yellow oil. The 
latter was distilled in vacuo to yield a mobile water 
clear liquid product, b.p. 32*^ (0.4 mm), 26.0 g (38% 

15 over-all) . Alternatively, the crude product (3 g) was 
flash chromatographed on an 80 mm x 15 cm silica gel 
column using 9:1 hexane: ethyl acetate as eluant, collect- 
ing 100 ml fractions. Evaporation of fractions 14 and 
15 gave purified title product as an oil, 2.03 g (39% 

20 over-all); [alphal^ = -104. 57*^ (c = 0.53 in CHCI3) . 

EXAMPLE 17 
3S-Bromothiolane 1-S-Oxide (IXb) 

By the method of Example 3, 29.3 g (0.175 mol) 
(S) -3-bromothiolane was converted to present title 
25 product as a white solid (88%) . If desired, the 
product (10.1 g) was further purified by flash 
chromatography on a 90 mm x 15 cm silica gel column 
eluting with ethyl acetate in 100 ml fractions. 
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Fractions 36-64 were stripped to yield 4.73 g of 
purified title .product; m.p. 68-70*^ C; [alphal^^ = 
-99.94^ (c = 5 in CHCI3) • 
Analysis calculated for C^H-^OBrS: 

5 ' C, 26.64; 3.86; S, 17.52%. 

Found: - C, 26.47? 3.89; S, 17,71%. 

EXAMPLE 18 

3R- (Acetyl thio) thiolane IS-Oxide 

By the method of Example. 4, the product of the 
10 preceding Example (24 g) was converted to crude title 
product which crystallized on pumping under high 
vacuum, 26 g. The latter was purified by flash 
chromatography ona500mmx24cm silica gel column 
using 49:1 ethyl acetate: methanol as eluant collecting 
15 125 ml fractions. Fractions 50-90 were coaonbined and 
stripped to yield purified title product, 19.6 g (85%); 
m.p- 54-56*' C; [alphal^^ = +85.73^ (c = 1 in CHCI3) . A 
sample was recrystallized from isopropyl ether; m.p. 
57-59 C. 

20 Analysis calculated for CgH^Q02S2: 

40.42; H, 5.65%. 

Found: C, 40.69; H, 5.45%. 

EXAtgLE 19 

3Sr 4R-3- [IR- (Dimethyl- t-butylsilyloxy) - 
25 - ethylJ-4-lS-oxd-3R-thiolanylthio (thio- 

cairbonylthio) -2-azetidinone 

(V, = H, =^ Me ^ tBuSi) 

Sodium metal (2.23 g, 0.097 mol) was suspended in 

340 ml dry isopropyl alcohol and refluxed 2.5 hours to 

30 produce a clear solution of sodium isopropoxide, then 

cooled to room temperature. Meanwhile, under nitrogen 

in a flame-dried flask, the product of the preceding 

Example (18.1 g/ 0.102 mbl) was dissolved in 260 ml dry 
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isopropyl alcohol and cooled to O*' C. With stirring 
the sodium isopropoxide solution was added over 17 
minutes; maintaining 0-2^ C. After stirring for an 
additional 30 minutes at 0*^ C*, the mixture was chilled 
5 to -30^ C. and carbon disulfide (23.3" g, 18,4 ml, 

0.306 mol) in 50 ml isopropyl alcohol added dropwise. 
The resulting yellow suspension was warmed to 0^ C. and 
stirred an additional 10 minutes, thus producing sodium 
3R- { thio ( thiocarbonyl) thio) thiolane IS-oxide . 

10 To the latter suspension was added dropwise a 

solution of 3R,4R-4-acetoxy-3-[l]R-(dimethyl-t-butylsilyl- 
oxy) ethyl] -2-azetidinone (32.1 g, 0.112 mol), maintaining 
0-3° C, After stirring at 0-2 C. an additional 
20 minutes, the reaction mixture was poured into 900 ml 

15 saturated NH^Cl and 900 ml ethyl acetate, and diluted 
with an additional 2,250 ml of ethyl acetate • The 
organic layer was separated, washed sequentially with 1 
X 900 ml H2O, 1 X 900 ml 20% CaCl2, 1 x 900 ml H2O, 1 x 
900 ml 20% CaCl2 and 2 x 900 ml saturated NaCl, dried 

20 (Na2S0^) , filtered and stripped in vacuo to solids, 
which were dried by repeated addition of 1:1 ethyl 
acetate :hexane and stripping. The solid residue was 
repulped in 300 ml hexane and title product recovered 
by filtration, 37.0 g. The latter was twice recrystal- 

25 lized by dissolving in 50-60 ml of acetone, with crystal- 
lization induced by the slow addition, with stirring, 
of 500 ml of isopropyl ether to yield purified title 
product, 26.4 g; m.p. 90-94*^ (dec); [alphaj^^ = +315.05° 
(c = 1 in CHC1-); ir(KBr) 1766 cm""'". 
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EXAMPLE 20 

3S ,.4R-N- [ C2-Chloroallyloxy) oxalyl] - 
3- [IR- (dimethyl-t-butylsilyloxy) ethyl] - 
4- [lS-oxo-3R-thiolanylthio (thio- 
5 carbonyl ) thio ] -2 -azetidinone 

(V^ R^ = Me ^ tBuSi, R^ = COCOCH^CCICH^ ) 
A flame-dried, three-neck flask equipped with a 
dropping funnel and low temperature thermometer under a 
atmosphere was charged with the product of the 
10 preceding Example (26*4 g^ SO mmol) and 300 ml dry 
methylene chloride (passed through neutral alumina). 
The reaction was cooled to -60° C. internal temperature 
and NrN-diisopropylethylamine (13.6 ml, 78 mmol) was 
added via syringe followed by 2-chloroallyl oxalofluoride 
15 (13.0 g, 78 mmol), which was added dropwise maintaining 
-60° to -55° C. The reaction was then stirred at -50° 
to -55*^ C. for 50 minutes, quenched with 100 ml H2O, 
warmed to 0° C. and diluted with an additional 100 ml 
H2O. "The organic layer was separated, washed with an 
20 additional 2 x 200 ml H2O, 2 x 200 ml pH 7 buffer and 
'200 ml brine, dried over Na^SO^, filtered and concen- 
trated in vacuo to yield title product, 33.2 g of a 
* yellow foam, which was used directly in the next step. 

EXAMPLE 21 

25 2-Chloroallyl 5R,6S-6- [IR- (Dimethyl- t-butyl- 

silyloxy): ethyl] -2- (lS-oxo-3R-thiolanyl- 
thio) r2-penem-3-carboxylate 

(III, R^ = Me ^ tBuSi, R^ = CH^CCICH^) 

By the method of Example 8, the entire batch of 

30 . crude product from the preceding Example (33.2 g, 

0.060 mol assumed) was- converted to present title 

product, crystallized from ethyl acetate/diisopropyl 

ether in like manner to yield 11.3 g. The latter was 

further purified by repulping in 200 ml diisopropyl 

35 ether to yield 9.8 g; m.p. 122-125° C. (dec); ir(KBr) 

1784 cm""-^; [alphaj^ = +158.13° (c = 1 in CHCI3) . 
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EXAMPLE 22 

2-Chloroallyl 5R,6S-6- (IR-Hydroxyethyl) -2- 
(lS-oxo-3R-thiolanylthio) -2-penem-3-carboxylate 

(III, = H, = CH ^ CCICH ^) 

5 By the method of Example 9, the product of the 

preceding Example (6.0 g, 11.2 itimol) was converted to 

crude title product. The latter was slurried in 60 ml 

of ethyl acetate to produce purified title product as a 

white solid, 4.0 g; m.p. 156-158° C. (dec); [alphaj^ = 

10 +186.7'' (c - 0.35 in dimethylsulfoxide) . 

EXAMPLE 23 

5R, 6S-6- (IR-Hydroxyethyl) -2- ( lR-oxo-3S-thiolanyl- 
thio) -2-penem-3-carboxy lie Acid (I, R - H) 

By the method of Example 10, the product of the 

15 preceding Example (4.24 g^ 10 mmol) was converted to 
crude sodium salt of title product (4.56 g) , which was 
slurried in 50 ml of ethyl acetate for 1 hour to yield 
partially purified sodium salt, 4.36 g. The latter was 
converted to freeze-dried sodium salt according to 

20 Example 10. The entire batch of freeze-dried sodium 
salt was redissolved in 11 ml H^O, cooled to 0-5** C. 
and the pH slowly lowered from 6.9 to 4.0 with 3N HCl. 
Crystallization was induced by scratching, and the pH 
was then slowly lowered to 2.5. Title product was 

25 recovered by filtration, with repulp in 20 ml of hplc 
grade ethyl acetate, 2.6 g; m.p. 185-187° C. (dec); 
[alpha] = +128.67 (c = 1 in dimethylsulfoxide).. 

Sterile sodium salt was prepared according to 
Example 12 (2.3 g from 2.2 g of acid); m.p- 120-123° C. 

30 (gassing); [alphalp = +115.29 (c = 2.1 in H2O) . 
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EXAMPLE 24 

Tetrabutylairanonixim 5 R , 6£- 6 - [ IR- ( dimethyl- 
t-butylsilyloxy ) ethyl] -2- (lR-oxo-3S- 
thiolanylthio) -2-penem-3-carboxylate 

^ (III. = Me^tBuSi, R^ = TBA Salt) 

By the method of Example 10, the product of 

Example 21 (1.2 2 •23 mol) was converted to sodium 

5R,6S-6- [IR- (dimethyl-t-butylsilyl) ethyl] -2- (lR-oxo-3S- 

-thiolanylthio)-2-penem-3-carboxylate in CH2CI2. The 

10 reaction mixture was diluted with 50 ml ethyl acetate, 
10 ml ether and 50 ml hexane, then extracted 5 x 25 ml 
of to yield an aqueous solution of the sodium salt. 
To the combined, aqueous extracts was added a solution 
of tetrabutylammonium hydrogen sulfate (0.76 g, 

15 2.23 raraol) and NaHCO^ (0.375 q, 4.46 mmol) in 10 ml 
H2O. The solution was stirred 20 minutes, then 
extracted 3 x 140 ml CH2CI2/ and the extracts combined, 
dried (Na2S0^) , carbon treated, filtered and stripped 
to yield title product as a foam, 1.29 g; 

20 pnmr(CDCl2) delta (ppm) 300 MHz: 0.06 (s, 6H) , 0.85 (s, 
9H), 0.78 (t, 12H), 1.25 (d, 3H) , 1.28-1.50 (m, 8H) , 
1.50-1.70 (m, 8H) , 2.40-2.80 (m, 4H) , 2.90-3.10 (m, 
IH) , 3.22-3.38 (t, 8H) , 3.45-3.55 (m, 2H) , 3.90-4,02 
(m, IH), 4.05-4.20 (m, IH) , 5.42 (s, IH) • 

25 EXAMPLE 25 

Pivaloyloxymethyl 5R, 5S-6- [IR- (Dimethyl-t- . 
butyls ilyloxy) ethyl] -2- (lR-oxo-3S-thio- 
lanylthio) -2-penem-3-carboxylate 

fill, R^ = Me ^ tBuSi, R^ = CH ^ -O-CO-C(CH ^) ^) 

By the method of Example 14, the product of the 

preceding Example (1. 29^' g, 1.8 imnol) was converted to 

title product, initially isolated as a brownish oil 

which was flash chroma tographed on a 50 mm x 25 cm 

silica gel column eluting with 19:1 ethyl acetate in 

35 50 ml fractions. Fractions 14-20 were combined and 



30 
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stripped to yield title product as a solid, 0.64 g; 
pnmrCCDCl^) delta (ppm) 300 MHz: 0.08 (s, 6H) , 0.88 (s, 
9H), 6.22 (s, 9H), 1.25 (d, 3H) , 2.6-2.85 (m, 4H) , 
3.08-3.20 (m, IH) , 3.60-3.78 (m, 2H) , 3.90-4.00 (m, 
5 IH), 4.2-4.3 (m, IH) , 5.65 (s, IH) , 5.86 (q, 2H, = 
12.5 Hz) . 

EXAMPLE 26 

Pivaloyloxymethyl 5R, 5S-6- (IR-hydroxy- 
ethyl) -2- (lR-oxo-3S-thiolanylthio) - 
10 2-penem-3-carboxylate 

(I, R = CH ^ -O-CO-CCCH ^)^) 

By the method of Example 9 , the product of the 

preceding Example (0.638 g, 1.104 mmol) was converted 

to crude title product which was chroma tographed on a 

15 50 mm X 25 cm silica gel column collecting 50 ml 

fractions; 1:9 ethyl acetate :tetrahydrofuran was the 
eluant for fractions 1-12, pure tetrahydrofuran for 
fractions 13-20. The latter fractions were combined, 
stripped and the solid residue (422 mg) repulped in 

20 15 ml of 2:1 petroleum ether: ethyl acetate and then 
22 ml of 10:1 petroleum ether: ethyl acetate to yield 
purified title product, 0.314 g; m.p. 162-164° C. 
(dec); [alphaljj = +109.7° (c = 0.5 in d ime thy 1 sulfox- 
ide ) ; pnmr(CDCl3) delta (ppm) 250 MHz: 1.20 (s, 9H) , 

25 1.34 (d, 3H, J = 6.3 Hz), 2.12 (d, IH) , 2.6-2.9 (m, 
4H), 3.06-3.22 (m, IH) , 3.60-3.75 (m, 2H) , 3.85-3.98 
(m, IH) , 4.2-4.35 (m, IH) , 5.68 (s, IH) , 5.86 (q, 2H, 
J,_ = 12.5 Hz) . 
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EXAMPLE 27 

Ally! 5R , 6S-6 - ( IR-Hydroxy ethyl ) - 
2-lR-oxo-3^-thioianylthio^ - 
2-penem-3-carboxylate 

5 (IV, = H, = CH ^ CHCH ^, 

Using the methods of Exaii^les 7-9 , substituting 

■ equivalent allyl oxalof luoride in place of 2-chloroallyl 

oxalofluoride in Example 7,. the product of Example 6 is 

converted to present title product. 
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PREPARATION 1 

2-Chloroallyl Oxalofluoride 
[ (2-Chloroallyloxy)oxalyl Fluoride] 
CH2=CC1CH20(C0)C0F 

5 Under dry N2 in flame dried glass apparatus ^ cesium 

fluoride (167 g, 1.1 mol) was placed in a 1 liter single 
neck flask and placed under high vacuum and gently 
heated with a flame until the solid became free flowing, 
then cooled to room temperature, Acetonitrile , distilled 

10 from CaH2 (183 ml) was added and the mixture cooled to 
-20° C. internal temperature. 2-Chloroallyl oxalo- 
chloride (183 g, 1,0 mol) was added dropwise over a 30 
minute period and the mixture slowly warmed to room 
temperature, stirred at that temperature for 16 hours, 

15 and byproduct cesium chloride recovered by filtration 
with acetonitrile wash. The filtrate and wash were 
combined and stripped, and the residue distilled at 
reduced temperature to yield 129 g (77%) of the desired 
product, b.p. 62-64** C./22 mm. 

20 IR(CHCl3) cm"-"" 1770, 1870. 

^H-NMRlCDCl^) delta (ppm) 4.80 (s, 2H) , 5.4-5.6 (m, 2H) . 

PREPARATION 2 

Allyl Oxalofluoride 
{Allyloxalyl Fluoride] 
25 CH2=CHCH20 (CO) COF 

By the procedure of the preceding Preparation, 
allyl oxalochloride (252.5 g, 1.70 mol) and cesium 
fluoride (284 g, 1.87 mol) were converted to twice 
distilled title product, b.p. 48-50'' C./35 mm; 
30 124-126* C, (atmospheric pressure). 

^H-NMR(CDCl3)250 MH3 , delta: 4.76 (d, 2H, J=6 Hz), 
5.28 (dd, IH, J=l, 7 Hz), 5.37 (dd, IH, J=l, 17 Hz), 
5.90 (ddt, IH, J=6, 11, 17 Hz). 

-"■-^C-NlOKCDCljjeS MHz, delta: 68.5 (t) , 120.4 (t) , 
35 129.7 (d), 146.3 (d, Jc-f=375 Hz), 153.0 (d, J(..c.p=87 

Hz). IR(neat) 1860 (C=0) , 1770 (C=0) , 1120 cra""-^. 
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PREPARATION 3 

2"ChloroaLlyl Oxalochloride 
[ (2-ChloroaIlyloxy) oxalyl Chloride] 

Oxaiyl chloride (130 ml, 1.49 mol) was placed ia a 
5 dry 3-neck flask under and cooled to 0® C. With 
stirring ,^ 2-chlofoallyl alcohol (138 g, 1.49 mol) was 
added dropwise in a manner which maintained the tempera- 
ture at 0-2® and controlled the vigorous evolution 
of HCl, then allowed to warm to room temperature and 
10 held 16 hours and distilled to yield title product • 
. 214 g, b.p. 82-84^ C./23 mm. 

PREPARATION 4 
Benzyl Oxalochloride [ (Benzyloxy) oxalyl Chloride] 
. Under 1^2' oxalyl chloride (262 ml) was dissolved 
15 in 1 liter anhydrous ether and heated to reflux, at 
•which temperature benzyl alcohol (207 ml) was added 
over 70 minutes.. After refluxing a further 16 hours, 
ether was. stripped and the residue distilled at reduced 
pressure to yield 372 g (94%) of title product/ 
20 b.p./0.7 mm: 85** C. 

PREPARATION 5 
Oxalic Acidr Half Benzyl Ester 
Title product of the preceding Preparation (180 g, 
0.91 mol) in 800 ml ether was cooled in an acetone-dry 
25 ice bath. As the mixture was allowed ta warm to 0° C. , 
aqueous NH^OH (2M, 906 ml, 0.91 mol) was added portion- 
v/ise. The mixture was then warmed to room temperature , 
.stirred 1 hour, and the pH- adjusted to 8.5 with 95 ml 
2M-NH^0E. The aqueous layer was separated, extracted 
30 2x 400 ml ether, layered with 500 ml fresh ether, cooled 
to 10^ C. and the pH adjusted to 1.5 with 2M HCl. The 
layers were separated, the aqueous layer extracted 2x 
4O0 ml ether, and the three acidic organic layers com- 
bined, washed with 500 ml brine, dried over Na^SO. and 
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stripped to yield title product as white solids, 163 g, 
^H-NMR (CDCI3) delta (ppm) : 5.2 (s, IH) , 6.95 (s, 2E) , 
7.3 (s, 5H). 

PREPARATION 6 
5 Benzyl Pivaloyloxymethyl Oxalate 

The product of the preceding Preparation (163 g, 
0.91 mol) was dissolved in 1 liter CHCl^ and carefully 
neutralized (foaming) with NaHCO^ (76.2 g, 0.91 mol). 
Separately, tetrabutylammonium hydrogen sulfate (308 g, 

10 0.91 mol) in 1.5 liters H^O was carefully neutralized 
with a like quantity of NaHCO^. The former slurry was 
added slowly to the latter solution, the mixture 
stirred vigorously for 20 minutes, the aqueous layer 
separated and washed with 500 ml fresh CHCl^. The 

15 organic layers were combined, dried over Na2S0^ and 
stripped to yield tetrabutylammonium benzyl oxalate, 
478 g. The latter was taken up in 400 ml acetone. 
Chloromethyl pivalate (118 ml, 0.82 mol) was added and 
the mixture stirred under for 16 hours at ambient 

20 temperature. The acetone was stripped, and the residue 
taken up in 1 liter ethyl acetate, washed 4x 500 ml 
and Ix 500 ml brine, dried over Na2S0^ and stripped to 
yield title product as an oil, 201 g; tic Rf 0.60 (2:3 
ethyl acetate : hexane) . 

25 ^H-NMR(CDCl2, 90 MHz) delta (ppm) : 1.21 (s, 9H) , 5.2 (s, 
2H) , 5.8 (s, 2H) , 7.3 (s, 5H) . 

PREPARATION 7 
Oxalic Acid, Half Pivaloyloxymethyl Ester 
Title product of the preceding Preparation 

30 (27.3 g, 0.093 mol) and 2,8 g of 101 Pd/C wefe combined 
in 150 ml ethyl acetate and hydrogenated in a Paar 
hydrogenation apparatus at 4x atmospheric pressure and 
ambient temperature for 1.5 hours. The catalyst was 
recovered by filtration over diatomaceous earth and the 
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filtrate stripped to yield title product as an oil, 
19.3 tf. 

^H-NMRtCDClg, 90 MHz) delta (ppm) : 1,21 (s, 9H) , 5.96 
(s, 2H}, 10.31 (s, IH). 
5 PREPARATION 8 

Pivaloyloxymethyl Oxalochloride 
Title product of the preceding- Preparation 
(19.2 g, 0.094 mol) was dissolved in 20 ml benzene and 
added portionwise over 20 minutes to oxalyl chloride 
10 (47.7 g, 33 ml, 0.376 mol) in 100 ml benzene. After 30 
minutes, the mixture was stripped and the residue 
(19.2 g) distilled to yield title product, 16.4 g; b.p. 
83" C./0.4 mm. 

PREPARATION 9 

15 Pivaloyloxymethyl Oxalo fluoride 

[Pivaloyloxymethyloxalyl Fluoride] 
(CH^) jC (CO) OCHjO (CO) COF 

Potassium fluorosulfinate (80% KSO2F, 2.40 g, 
1.92 g corrected, 0.016 mol) was added to oxalyl 

20 chloride (3.50 g, 0.016 mol) and the mixture gradually 
warmed in an oil bath to 60° C. , at which point 
vigorous gas evolution began. The bath was removed. 
Once the reaction subsided, the oil bath was replaced, 
the mixture warmed to. 80° C. and held for 15 minutes, 

25 cooled to 60" C. and distilled from a bath at 60" C. to 
yield title product,. 1.19 g; b.p. 52-54" C./0.4 mm.; 
solidified on storage at -50" C, melts at ambient 
temperature. 

■'•^C-NMRr 176..6, 152.6 and 151.5, 148.1 and 140.2, 
30 81.7, 38.8, and 26.6, with splitting of oxalate 
carbonyls 89 Hz and 252.6 Hz. 
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PREPARATION 10 
(S ) -2-Bromosuccinic Acid 

To a solution of 1,000 g {9.72 mol) sodium bromide 
in 2.1 liters 6N sulfuric acid under nitrogen was added 
5 323.1 g (2.43 mol) L-aspartic acid and the resulting 
solution cooled to 5° C. To this was added in portions 
over 1.5 hours, 201.4 g (2.92 mol) sodium nitrite while 
keeping the temperature below 10*=* C. After the addition 
was completed, one liter of distilled water was added, 

10 followed by 73.07 g (1.22 mol) urea. The resulting 

mixture was poured into a separatory funnel and extracted 
with 2.5 liters ethyl ether. To the aqueous layer was 
added 500 g sodium chloride, and the mixture extracted 
three times with ether (3 x 1.25 liters). The combined 

15 ether layers were washed with brine, dried (Na2S0^) and 
the solvent evaporated in vacuo to yield 303 g (63%) of 
the desired compound; [alpha] ^ = -73.5'* (c = 0.6 in 
ethyl acetate) ; m.p. 185° C. 

PREPARATION 11 

20 (S) -2-Bromo-l , 4-butanediol 



Employing flame-dried glassware under nitrogen, 
303.14 g (1.54 mol) (S) -2-bromosuccinic acid was 
dissolved in 3.2 liters anhydrous tetrahydrofuran (THF) 
and the mixture cooled to -20** C. To this was added 

25 dropwise over 90 minutes, a solution of 350.78 g 

borane-methyl sulfide complex in 438 ml of tetrahydro- 
furan (4.62 mol). The mixture was stirred while warming 
slowly to 18® C. whereupon the reaction mixture liber- 
ated hydrogen gas and became exothermic. The mixture 

30 was cooled in dry ice/acetone while passing nitrogen 
over the mixture. After 15 minutes the cooling bath 
was removed, and the reaction allowed to warm to 
ambient temperature and maintained under a sweep of 
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nitrogen for SO hours. A liter of methanol was added 
slowly, the sweep of uitrqgen continued for 30 minutes r. 
and the solvents then evaporated • The residue was 
taken up in one liter methanol and solvent evaporated 
5 again. This was repeated two more times to obtain 
. 282.41 g (100%) of the desired did. 

PREPARATION 12 
(R) - (2-IIethanesulfonyloxyethyl) oxirane 

A. Employing dry glassware, under nitrogen, 20 g 

10 (0.118 mol) (S)-2-bromo-l,4-butanediol was dissolved in 
400 ml dry methylene chloride and 69.41 g (0.213 mol) 
cesium carbonate was added. The mixture was stirred at 
room temperature for 40 hours and then filtered with 
CH2CI2 wash. The combined filtrate and wash liquor was 

15 used- directly in Part B below. When desired, the 

solvent was stripped to yield intermediate (R) - (2-hydroxy- 
ethyl) oxirane in virtually quantitative yield. . 

B. In. a flame-dried flask, under nitrogen, was added 
the entire product solution from Part A (about 800 ml), 

20 which was then' cooled to -25° C. Triethylamine 
(21*55 gr 0.213 mol) was added followed by slow 
addition of 20.34 g (0.178 mol) of methane sulfonyl 
chloride over 25 minutes> maintaining less than -20*^ C. 
The resulting mixture was allowed to warm to room 

25 temperature over 1.5 hours, extracted 1 x 50 ml pH 4 
. buffer r cind the buffer back-extracted 3 x 50 ml CH^Clj. 
The organic extracts were, combined with the original 
organic layer, extracted 1 x 50 ml saturated NaCl, and 
the brine back-extracted with 3 x 50 ml CH2CI2 and the 

30 organic extracts combined with the original organic 
layer^ which was stripped to yield title product in 
substantially quantitative yield; [alpha] ^ = +34.7* 
(c =.0a in CH^Cl^) ; pnmr (CDCl.) delta (ppm) : 1.76-1.85 
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(IH, m, CH), 2.02-2.11 (IH, m, CH) , 2.50-2.52 (IH, m, 
CHO), 2.77-2.80 (IH, m, CHO) , 2.98-3.04 (IH, m, CHO) , 
2.99 (3H, s, CH3), 4.32 {2H, t, CH2O) . 

PREPARATION 13 
5 {S] -2-Bromo-l , 4-di (methanesulf onyloxy) butane 

A solution of 70 g (0.414 mol) (S) -2-broino- 
1,4-butanediol in 1.5 liters methylene chloride was 
cooled in ice and 173 ml (1.24 mol) triethylamine 
(dried over potassium hydroxide) was added to give a 

10 clear solution. To this was added dropwise over 80 

minutes at 5 .to 15'' C, 96 ml (1.24 mol) methanesulfonyl 
chloride. The mixture was then stirred at room temper- 
ature for 2.5 hours ^ washed 2 x 750 ml with water and 1 
X 750 ml brine, dried (MgSO^) , and the solvent evapo- 

15 rated to give an amber oil which was purified by chroma- 
tography on a 140 mm x 25 cm silica gel column, eluting 
with 9:1 chloroform: ethyl acetate. The product frac- 
tions were combined and solvent evaporated to give 
105 g (97%) of the title compound as a waxy white solid; 

20 [alpha] = -34.49^ (c = 5 in CHCI3) . 
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CIAIMS 

!• A penem having the absolute stereochemical 
formula 



or 




wherein R is hydrogen or a radical forming an ester 
hydrolyzabie under physiological conditions; or a 
pharmaceutically-acceptable cationic salt thereof when 
R is hydrogen* 

2. A penem of claim 1 having the formula (I> . 

3. A penem of claim 1 having the formula (II) . 

4. The penem of claim 2 wherein R is hydrogen* 

5. The penem of claim 3 wherein R is hydrogen. 

6. A compound of claim 2 wherein R is a radical 
group forming an ester hydrolyzabie under physiological 
conditions . 
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7. A compound of claim 3 wherein R is a radical 
group forming an ester hydrolyzable under physiological 
conditions. 

8. A compound of claim 6 wherein R is: 
(5-raethyl-l,3-dioxol-2-on-4-yl)methyl; 
lH-isobenzofuran-3-on-l-yl; 
gamma-butyrolacton-4-yl ; 

-CHR^OCOR^; or 

-CHR^OCOOR^ ; 

1 2 
wherein R is hydrogen or methyl; R is 

(Cj^-Cg) alkyl, (C^-Cg) carboxyalkyl^ carboxycyclohexyl or 

carboxyphenyl ; and R'' is (C^-Cg) alkyl. 

9. The compound of claim 8 wherein R is 
1- (ethoxycarbonyloxy) ethyl. 

10 • The compound of claim 8 wherein R is 
pivaloyloxymethyl • 

11. A compound of claim 7 wherein R is: 
(5-methyl-l,3-dioxol-2-on-4-yl) methyl? 
lH-isobenzofuran-3-on-l-yl; 
gamma-butyrolacton-4-yl ; 

-CHR''"OCOR^ ; or 

-CHR"''0C00R"^; 

1 2 . 

wherein R is hydrogen or methyl; R is 

(C^-Cg) alkyl, (Cj^-Cg) carboxyalkyl, carboxycyclohexyl or 

carboxyphenyl; and R^ is (C^-Cg) alkyl. 

12. The compound of claim 11 wherein R is 
1- (ethoxycarbonyloxy) ethyl . 

13. The compound of claim 11 wherein R is 
pivaloyloxymethyl . 

14. A pharmaceutical composition comprising an 
antibacterial amount of a compound of claim 1. 
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15. A method of txeating a bacterial infectioa in 
a mammal which comprises administering to said mammal 
an antibacterial amount of a compound of claim i. 

16* A . compound having the absolute stereochemical 
formula 



or 




wherein R is hydrogen or a conventional silyl hydroxy 
protecting group r is hydrogen / 

-CH2-C=CH2 * or -CHj-O-C-CtCH^) 
X 0 

and X is. hydrogen or chloro; with the proviso that 

4 

is -CH2-CX=CH2. when R- is hydrogen? or a salt thereof* 

when R^ is hydrogen, 

. 17, A compound of claim 16 having the formula (III}. 
18. A compoTind'of claim 16 having the formula (IV)". 
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4 

19. The compound of claim 17 wherein R is 

5 

hydrogen, R is -CH2-CX=CH2/ and X is chloro. 

20. The compound of claim 18 wherein R^ is 
hydrogen, R^ is -CH2-CX=CH2, and X is chloro. 

21. The compound of claim 17 wherein R* is 
dimethyl (t-butyl)silyl, R^ is -CH2-CX=CH2, and X is 
chloro . 

4 

22. The compound of claim 18 wherein R is 
dimethyl (t-butyl)silyl, R^ is -CH2-CX=CH2, and X is 
chloro. 

4 

23. The compound of claim 17 wherein R is 
dimethyl (t-butyl)silyl and R^ is -CH2-O-CO-C (CH^) ^ . 

24. The compound of claim 18 wherein R* is 
dimethyl (t-butyl)silyl and R^ is -CH2-O-CO-C (CH^) ^ . 

25. A compound having the absolute stereochemical 
formula 



or 




I 
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6 7 

wherein R is a conventional silyl protecting group; R 
is hydrogen or 

,-C-C-OR^°y 

IT II • . 

0 0- 



R^^ is -CH2-C=<:H2 , or -CH2-O-C-C (CH^) 3; and 
X 0 

X is . hydrogen or chloro . 

26. A componnd of claim 25 having the formula (V) . 

27. A compound of claim 25 having the f omnia {VI) 

28. The compound of claim 26 wherein R^ is 

7 

dimethyl (t-butyl) silyl and R is hydrogen. 

6 

29. The compound of claim 27 wherein R is 

7 

dimethyl (t-butyl) silyl and R is hydrogen. 

30. A compound of claim 26 wherein R^ is 

7 

dimethyl (t-butyl) silyl and R is - 
-C-C-OR^° . 

n II 

O 0 

31. - The compound of claim 30 wherein R'''^ is 

•"CH2"^C^^H2 • 
Cl 

32. The compound of claim 30 wherein R^^ is 

-CH2-0-C-C(CH2)3 . 
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33. A compound of claim 27 wherein R is 

7 

dimethyl (t-butyl) silyl and R is 
-C-C-OR^^ . 

II It 

0 0 

34. The compound of claim 33 wherein R^*^ is 

-CH2-C=CH2 . 
CI 

35. The compound of claim 33 wherein R^^ is 



-CH2-0-C-C(CH3)3 . 



36. A compound having the absolute stereochemical 
formula 



(VII) 




or 



Y-Si 




(VIII) 



wherein Y is CH-CO, M®, or M® ®S-C- and M® is an alkali 
■J II 

S 

metal cation. 

37. A compound of claim 36 having the formula (VII) 
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S8. A compoimd of claim 36 having the formula (VIII). 

39. The compoiind .of claiitf 37 wherein Y is CH2CO. 

40. The confound of claim 38 wherein Y is CH^CO* 
41.. The compovmd of claim 37 vdxerein Y is 



Na* ®S-C- . 

if 
S 



42. The compo;md of claim 38 wherein Y is 
Na® ®S-C- , 

II 

s 

43 » A compound having the absolute stereochemical 
.formula 



(IX) 



'(0), 




^^\ I A n 



— (X) 

R SO2O 



or 



ao 




,8 



wherein R is (C^-C^) alkyl/ phenyl or p-tolyl and n is 
0 or !• 

44. The compound of claim 43 having the 
formula (IX) wherein n is 0. 

45, The compound of claim 43 having the formula (IX) 
wherein n is 1. 
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46. The compound of claim 43 having the formula (X) 

o 

wherein R is p-tolyl and n is 0. 

47. The compound of claim 43 having the formula (X) 

Q 

wherein R is p-tolyl and n is 1. 

48. The compound of claim 43 having the formula 
{XI). 

49. A process for the preparation of a compound 
of the absolute stereochemical formula 



wherein M is an alkali metal cation, which comprises 
the steps of: 

(a) conventional cyclization of a compound of the 
absolute stereochemical formula 



wherein R is (C^-Cj) alkyl, phenyl or p-tolyl with an 
alkali metal sulfide in a reaction- inert solvent to 
form a compound of the absolute stereochemical formula 




(Vila) 




.(XII) 




(IXa) 



(b) conventional oxidation of the compound of the 
formula (IXa) with substantially one equivalent of 
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o^dant in a reaction-inert solvent to form a compound 
of the absolute stereochemical formula 



A ; (IXb) 

% 



(c) conventional nucleophilic displacement of 
bromo in the compound of tlie formula (IXb) with an 
alkali metal thioacetate in a reaction- inert solvent to 
form a compoxind of the absolute stereochemical formula 



CH,C-S^^"\_i ' —(Vllb) 

0 t 

and (d) conventional conversion of the compound of the 
formula (Vllb) , by the action of the and an alkali 
metal (Cj^-C^) alkoxide in a reaction-inert solvent, to 
form said compound of the formula (Vila) . 

50. The process of claim 49 wherein M® is Na®, 
the alkali metal throughout is sodium, the alkoxide is 

g 

ethoxide, and R is CH^. 

51. A process for the preparation of a compound 
of the absolute stereochemical formula 



^ ' (Villa) 
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wherein M is an alkali metal cation which comprises 
the steps of: 

(a) conversion of an epoxide of the absolute 
stereochemical formula 



.0. 



(XIII) 



9 

wherein R is (C^^-C^) alkyl, phenyl or p-tolyl by the 
action of an alka^li metal sulfide in a reaction-inert 
solvent to form a compound of the absolute stereo- . 
chemical formula 



(XI) 



(b) conventional sulfonylation of the compound of 
the formula (XI) in a reaction-inert solvent to form a 
compound of the absolute stereochemical formula 





(Xa) 



g 

wherein R is (Cj^-C^) alkyl, phenyl or tolyl; 

(c) conventional oxidation of the compound of the 
formula (Xa) in a reaction-inert solvent to form a 
compound of the absolute stereochemical formula 



(Xb) 
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(d> conventional nucleophilic displacement of 
R -SOj-O in the compound of the formula (Xb) with an 
alkali metal thioacetate in a reaction-inert solvent to 
form a compound of the absolute stereochemical formula 




(Vlllb) 



and (e) conventional conversion of the compound of the 
formula (Vlllb) , by the action of and an alkali 
metal alkoxide in a reaction-inert solvent, to form 
said compound of the foifmula (VXIIa) 

52, The process of claim 51 wherein M® is Na®/ 
the alkali metal throughout is sodium, the alkoxide is 
ethoxide, is p-tolyX and R^ is methyl. 

53. 2^ improved process for the preparation of a 
compound of the absolute stereochemical formula 

ZA>^^ (XIII) 

9 

wherein R is (Cj-C^) alkyl, phenyl or p-tolyl, 
which comprises the steps of 

(a) reacting a compound of the absolute 
stereochemical f ormula- 




~- (XIV) 
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with CS2CO2 in a reaction-inert solvent to form a 
compound of the absolute stereochemical formula 




(XV) 



and (b) sulfonylation of the compound of the 
foinoaula (XV) with a sulfonyl chloride of the formula 

R^-SOj-Cl 

in the presence of a tertiary amine in a reaction-inert 

solvent to form said compound of the formula {XIII ) . 

9 

54. A process of claim 53 wherein R is methyl. 



INTERNATIONAL SEARCH REPORT 

International Applicallon No PCT/US8 7 / 0 1 H 4 



1. CLASSIFICATION OF SUBJECT MATTER (If several dassincation symbols apply, Indicate all) > 


According to International Patent Classification (IPC) or to both National Classincation and IPC 

IPC{4): C07D 499/00; C07D 333/46; C07D 333/48; C07D 
U.S. CL: 540/310; 549/62; 549/67; 549/81; 549/518 


301/02 


IL FIELDS SEARCHED 


Minifflum Oocumenlation Searched * 


Classification System 




Classification Symbols 




U. 


s. 


540/310; 549/62; 549/67; 549/81; 549/518 


Documentation Searclied other than Minimum Documentalion 
to the Extent that such Documents are Included in the Fields Searched o 




IH. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


Citation of Document, with Indication, where appropriate, of the relevant passages >* 


Relevant lo Claim No. 


y 


US. A* 4.619.924 (HAMAiTAKA) 28 Oct 1986 
See the entire document. 


1-52 


Y 


SOGER, "Preparation of (R)-(+) and 
( S ) - ( - ) -4- 1 odo -1,2, epoxybut a ne [ ( R ) ] - 
and (S)-(2-Iodoethyl)oxirane] , useful 
Chiral Synthons," J, Org Chem, Volume 
46, No. 5 issued 27 February 1981, 
pages 1208-1210 (Columbus, Ohio, USA). 


53-54 


Y 


JONES, "Enzymes in organic syntheses. 19. 
Evaluation of the stereoselectivities of 
horse liver alcohol dehydrogenase; 
catalyzed oxidor eductions of hydroxy- 
and ketothiolanes, -thianes, and 
-thiepanes," Canadian Jour Chem, Volume 
59, No. 11, issued 1 June 1981, pages 
1574-1579, (Ottawa, Canada). 


36-48 


* Special categories of cited documents: 

"A" document defining the general state of the art which ts not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority clalm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"0" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the intemationat filing date but 
later than the priority date claimed 


"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 

invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 

"Y" document of particular relevance; the claimed Invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, sucli combination being obvious to a person skilled 
in the art. 

document member ol the same patent family 


IV. CERTIFICATION 


Date of the Actual Completion of the International Search * 


Date of Mailing of this International Search Report > 


23 July 1987 


n AUG 1987 




International Searching Authority i 


vSanaWjPe of ^thojlied Officer «•» 








W \hSr\ 





liJtematfonal Application No. 



PCT/US87/01114 



III. DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET) 



Category * [ Citation of Ddcument with Indication, where appropriate, of the relevant passages t* j Relevant to Claim No » 



(aiemical Abstracts, Vol. 87, No. 21, 
issued 21 November 1977^ (Columbus/ohio, 
USA)> T.E. BEZMENOVA, "Base catalyzed 
elimination of halogen hydride and 
sulfonic acids from 3-substituted 
thiolatie 1,1-dioxides abstract No. 
167078q. 

Chemical Abstracts,. Volume 94^ No. 25, 
issued 22 June 1981. (Columbus,. Ohio, 
USA)^ P.I. Parkhamenko, Synthesis 
and some properties of chloroformates 
of the sulfolane series abstract No. 
208630d. 



36-48 



36-48 



International Appiicatlan No^ 



'PCT/OS87/01114 



FURTHER INFORMATION CONTINUED FROIVI THE SECOND SHEET 



Brown, "Chiral Synthesis via Organo- 
boranes. 6. Hydroboration. 74. 
Asymmetric Hydroboration of Repre- 
sentative Heterocyclic Olefins with 
Diisopinocampheylborane. Synthesis of 
Heterocyclic Boronates and Heterocyclic 
Alcohols of Very High Enantiomeric 
Purity, " Journal American Chemical 
Society Volume 108, No, 8, issued 16 April 
1986 pages 2049-2054, (Columbus, Ohio, USA 



36-48 



VQ OBSERVATIONS WHERE CERTAIN CLAIHflS WERE FOUND UNSEARCHABLE 



This International search report iias not been established in respect of certain claims under Article 17(2) (a) for the following reasons: 
1.Q Claim numbers , because they relate to subject matter is not required to be searched by .this Authority, namely: 



2.(~] Claim numbers . because they relate to parts of the international application that do not comply with the prescribed require- 

ments to such en extent that no meaningful tnternattonat search can be carried out >3, specifically: 



Vl.g] OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING i 



This International Searching Authority found multiple inventions In this international application as foiiows: 

I. Claims 1-24 drawn to final products; Class 540/310 

II. Claims 25-35 drawn to intermediates; Class 549/59 
III Claims 3 6-54 drawn to intermediates and processes 

Class 549/518- 

t.p^ As all required additional search fees were timely paid by the applicant, this internationai search report covers all searchable claims 

of the international application. Telephone Practice. See Attachment. 

2.Q As only some of the required additional search fees were timely paid by the applicant, this international search report covers only 
those claims of the international application for which fees were paid, specifically claims: 



3.p| No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted to 
the invention first mentioned in the claims: It is covered by claim numbers: 



4.rj As all searchableclaims could be searched without effort justifying an additional fee. the International Searching Authority did not 
— ' invite payment of any additional, fee. 

Remark on Protest 

rj The additional search fees were accompanied by applicant's protest. 

i~~i Mn nmtact arrnmnanipri lhi» navm^nt of additional search lees. 



PCT/DS87/.01114 



■Attadhment To Foria PCT/ ISA/210, Part VI. 1. 



Telephone approval: 

$ 28Q>00 payment approved by Robert K. Blackwood on 
June IS, 1987 . Group II and Group III charge to Deposit 
Account No, 16-1445. Applicant advised that he has no right 
to protest any group not paid for and that any protest must 
be filed no later than 15 days from the mailing o£ the 
search report (Form 210) • 

Reasons for holding lack of unity of invention: 

The intermediate compounds of Group II and Group III 
may be used in other than forming the final products of 
Group I and , in additioni^ each group has separate classifi- 
cation and requires separate and distinct considerations • 

Time Limit for Filing a Protest 



Applicant is hereby given 15 days from the mailing of 
this search report in which to file a protest of the holding 
of lack of unity of invention* In accordance with PCT Rule 
40,2 applicant may protest holding of lack of unity of 
invention only with respect to the groups paid for. 



